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Abstract. Power efficiency of Stirling engine is low due to different causes. One of them is the dis¬ 
placement function of compression piston. This is pseudo-sinusoidal and is performed by a slider- 
crank mechanism. The thermo-dynamic functions should require a special displacement function 
for compression piston. Focusing on this request the paper proposes a new dwell mechanism. 
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1 On the Drive Mechanism for an a-Stirling Engine 

The PV diagram of an a-Stirling engine (Figure 1) is far away from an ideal PV dia¬ 
gram (Figure 2). The principle schema of the a-Stirling engine is shown in Figure 3. 
It could be observed that the engine has two crank rod mechanisms, one from com¬ 
pression cylinder and the other for expansion cylinder. The displacement functions 
for both pistons (cylinders) are of approximately sin shape, as it is shown in Fig¬ 
ure 4. The majority of the mechanisms used to drive the Stirling engines are crank- 
rod mechanisms. In [10] there is a schema of low-temperature differential solar 
Stirling engine powered by a flat-plate solar collector without regenerator shown in 
Figure 5. A modified slider-crank mechanism is analyzed in [2]; its schema is shown 
in Figure 6. 

In Figure 7 it is shown the schematics of a rhombic drive with power piston 
connected to the upper and displacer to the lower section. This mechanism is ana¬ 
lyzed in [8]. In the configuration shown, the left crank will turn clockwise and the 
right crank counter clockwise in order to achieve proper phase lag between expan¬ 
sion and compression space. They turn at the same angular velocity which can be 
accomplished by two intermeshing counter-rotating gears. 

In [7] a calculator is made available online dedicated to optimize the solution for 
bowtie drives with unsymmetric sections. The schema of the mechanism is shown 
in Figure 8. It might have more choices than necessary to achieve design objectives 
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Fig. 1 Real Stirling PV diagram. 



Fig. 2 Ideal Stirling PV diagram. 


like: a swept-volume ratio between expansion and compression space of about 1, 
volumetric phase lag of about 90°, and minimal sidewise motion of the connection 
points 4 and 4'. 

The slider-crank mechanism is part of the cause to the deficient PV diagram of 
a Stirling engine that uses it as a drive mechanism [1], In [6] a calculator is made 
available online dedicated to a four bar mechanism for a Stirling engine as shown in 
Figure 9. 
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Fig. 3 Schema of the a Stirling engine. 


Pistons' movement functions 
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Fig. 4 The displacement functions. 


2 A New Mechanism 

The low efficiency of a-Stirling engine is proved by the PV diagram. This state¬ 
ment shoves the engine developers to improve the work characteristics in order to 
rise-up the engine efficiency. The main way to achieve this task is to improve the 
engine characteristics. There are a lot of mechanisms species that could be used to 
obtain a dwell movement necessary to the compression cylinder. It could be use- 



616 


N.M. Dehelean et al. 



Fig. 5 Schema of differential solar engine. 


ful a mechanism able to perform a dwell during the whole period of expansion. The 
dwell of the compression piston has to enlarge the active area of the PV diagram. As 
a consequence it is expected an efficiency improvement. This request could be very 
well accomplished by a cam mechanism. But this one is too large, too complicated, 
expensive and unreliable. 

A linkage could be more reliable than cam mechanism despite the fact that the 
cam mechanism is more precise. The paper is focused on a dwell mechanism as a 
linkage one. 

A good mechanism was proposed in [5] and the scheme is shown in Figure 10. 
The reference jcOy axes are placed according to the Schmidt Analysis [9]. Schmidt 
has made the classical Stirling Analysis in 1871. Using the same reference it can 
replace the sin function of compression cylinder, in the Schmidt Analysis by a new 
displacement function, in order to develop a new isothermal analysis of the engine. 
But this one is not good enough regarding the phases of the two pistons. In order to 
improve this situation a mechanism as shown in Figure 11 was proposed in [3]. 

The analysis of the dwell mechanism begun in [3] and it reveals the expected 
displacement functions y c (t) and y E (t) and the phase relation between them. The 
proper phase relation demonstrates that the mechanism is good for the application 
that it is focused on. Second, it must show that y E (t) has a dwell large enough level, 
in accordance with the expansion stroke time of the expansion cylinder. 

Implementing the displacement functions from [3] in a computer program and 
proceeds to a numerical derivation it obtains the velocity and the acceleration func¬ 
tions. All these functions are shown in diagram Figure 12. 
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1- Diplacer Piston 

2- Heater 

3- Heat Pipe 

4- Inlet for cold water 

5- Outlet for cold water 

6- Coolmg 

7- Centering bearing 

8- Connectmg bar 

9- Crank shaft 

10- Power cylinder 

11- Power piston 

12- Power piston extension| 

13- Power cylinder cover 

14- Block 



Fig. 6 Engine with two displacer pistons 


The reference xOy axes are placed in accordance with the Schmidt Analysis [9]. 
It should be noted that the sense of the crank rotation is in accordance with the 
classical Schmidt Analysis calculus. Some of the initial dimensions are given as 
follows: 0 is the crank angle, proportional to time; V, is the clearance volume; 
V swc is the swept volume; D c is the cylinder diameter; y c (t) is the displacement of 
compression piston; y E (t) is the displacement of expansion piston. 

The parameters in equations (1) are necessary to obtain the value of y Cmin . 

v dc = min{V c }; max{V c } = V cIc + V iH , c 

V C = V clc + 0 - 5 - Wl + cose) (i) 


min 



( 2 ) 


y Cm in (equation 2) and h ] (equation 3) are necessary to establish the dimensional 
structure of entire mechanism; 


h i =0 \A+A c -y Cmm 


( 3 ) 
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Fig. 7 Rhombic drive mechanism. 
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Fig. 8 Unsymmetric sections mechanism. 
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Fig. 10 Dwell mechanism. 


Figure 12 shows the two displacement functions and the velocity and acceleration 
only for the compression piston. It is observed that the mechanism does not perform 
a perfect dwell, but the angle of the dwell is more important. The dwell angle is 
from about 220 to 310°. So, AO ~ 90°. 

The new displacement function y c (t) will be inserted in Schmidt Analysis, in¬ 
stead of sin relation. 

For example the third equation in (1) from Schmidt Analysis has to be improved 
by replacing the term 0.5V swe ■ cos(0 + S) by y c (t). But function y c (t) does not have 
an analytical expression so the replacement could be done in a computer program. 


V e — V de + 0.514 H . e (l +cos(0 + 5)) 


(4) 
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Fig. 11 New dwell mechanism. 



Fig. 12 Displacement, velocity and acceleration. 


3 Torque New Dwell Mechanism Calculus 

The torque calculus starts from the equivalent calculus in [4] and the added scheme 
is shown in Figure 13. This calculus is more detailed, rigorous and complete than 
the previous one [4], It contains the equilibrium equations of the element (2) of the 
linkage, which are implemented in the computer program to obtain the diagram of 
the torque shown in Figure 14. 
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2 F 6 • tan/3 h 2 —y B —R 2 - cos/3 

- —; tan o =-—-:——- 

cos o x B + R 2 • sin p — e 


(5) 


The main equation of calculus is the generic torque equation (6). The set of equa¬ 
tions (7) represents the geometrical relations among the main geometric and auxil¬ 
iary points on linkage schema (Figure 13). The equation system (8) represents the 
equilibrium relations of the element (2). 


T=R a R Crod -smd-R a Rrs cos0 


Crod 


(6) 


h 

BS= -; TS = h■ tana; CS = b — b, — h ■ tana; SU = CS ■ sin a 

cos a 

CU = CScosa\ CQ = h l +R Cmd cosQ; s = BS + SU (7) 

where R Crod is the crank radius, R-, is the secondary crank radius and b, b v h, h i , 
h^, 5 are the geometrical dimensions of the linkage. 

{ r c + r ai~ F 3' cos ^ = 0 

F 7 + F 3 sm8-R A2 = 0 (8) 

F 2 ■ cos S(CQ — CU) +F 2 ■ sin 8{s — R Crod ■ sin@) — R c ■ CQ = 0 

In the equation system (8) the first two equations represent (ZF) X = 0 and (X F') y = 
0. The last equation represents (ZM) A = 0. 




Fig. 13 External forces scheme. 
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Fig. 14 Torque diagram. 


In order to view the configuration of the torque at element (1) it implements 
equations (1) to system equation (8) into the computer program that was used in 
[4]. The torque diagram is shown in Figure 14. It could be observed that torque 
presents a positive maximum along the dwell angle of the compression cylinder (in 
the torque diagram the sign (+) is under the Ox axis). 


4 Conclusions 

The torque diagram configuration is a reliable argument to sustain the attempt to 
improve the PV diagram of classical Stirling engine (with two slide-crank mechan¬ 
isms, see Figure 3) using the proposed linkage (Figure 11). Movement, velocity and 
acceleration functions of the compression cylinder (piston) prove that the proposed 
linkage is able to perform a dwell in a proper phase position. Torque function of the 
crank presents a maximum point along the dwell angle of the compression cylinder. 
The two diagrams prove that the paper makes a step award to improve the Stirling 
engine design. 
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